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Abstract 
Monoacylglycerols (MAG) are compounds widely used in food, pharmaceutical and cosmetic industries, as 
emulsifiers. Usually, MAG’s are obtained by chemical glycerolysis between oil (triacyglycerols) and glycerol to form 
a mixture of glycerides. Sunflower oil (Helianthus annuus) is rich in unsaturated fatty acids (C18:2 Ȧ6) considered 
essential to human health. So, MAG’s from this oil are very interesting and need to be more studied. The aim of this 
work is to characterize physical-chemically the sunflower oil and the MAG obtained from it. Both samples 
were analyzed by: fatty acid composition, iodine index, saponification number, free fatty acids, moisture content, 
peroxide index, acylglycerols content, determination of mass per unit volume (liter weight) and differential scanning 
calorimetry (DSC). According to the results, the chemical glycerolysis produces a mixture with great levels of MAG 
(approximately 50%) and no change in quality.  
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1. Introduction 
The monoacylglycerols (MAG’s, here called MAG) are emulsifiers with food, pharmaceutical and 
cosmetic wide application [1]. In these industries, MAG represent about 70% of all synthetic emulsifiers 
used [2]. Most of these MAG are obtained from hydrogenated oils and fats, consisting of saturated fatty 
acids, involving high temperatures processes [3]. Looking for the replacement of artificial for natural 
ingredients, new researches are aimed to obtain natural emulsifiers from fat and oils with unsaturated 
fatty acids.  
 
* Corresponding author. Tel.: +55-19-35213971; fax: +55-19-35213965. 
E-mail address: bele_benites@yahoo.com.br. 
2211–601X © 2011 Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of 11th International Congress on Engineering  and Food (ICEF 11) Executive Committee.
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier B.V.
 Selection and/or peer-review under responsibility of 11th International Congress  on Engineering and Food (ICEF 11) Executive 
Committee.
Open access under CC BY-NC-ND license.
1460  Cleyson S. Gal˙cio et al. / Procedia Food Science 1 (2011) 1459 – 1464
Sunflower oil is distinguished by having large amounts of unsaturated fatty acids, such as oleic and 
linoleic acids (Ȧ-6). The latter is of great importance because it is considered an essential fatty acid, since 
it is not produced by human body, besides bring benefits to health [4].  
The MAG are obtained through 2 processes using chemical catalysts: Interesterification or glycerolysis 
of triacylglycerol (TAG) with glycerol (GL) excess; and GL esterification with fatty acids. In the 
chemical glycerolysis, process used in this research, a mixture of acylglycerols containing MAG, 
diacylglycerols (DAG) and TAG, which may contain GL and free fatty acids was obtained [1].  
In this reaction, the mixture obtained showed around 40 – 50% of MAG, but to industrial use it is 
necessary higher concentration. So, for many applications they should be concentrated through distillation 
[5]. The esterification of fatty acids also provides a mixture of acylglycerols, however, water are formed, 
which needs to be removed. 
Considering the reaction steps and eventually the MAG concentration, the aim of this work is to 
characterize sunflower oil and acylglycerols mixture, produced by chemical glycerolysis, evaluating the 
product composition and quality. 
 
Nomenclature 
DAG  diacylglycerols 
DSC  differential scanning calorimetry 
GL  glycerol 
MAG monoacylglycerols 
TAG triacylglycerols 
2.Materials and Methods 
Chemical glycerolysis of sunflower oil was conducted in jacketed glass reactors (2 liters). The 
conditions applied in these reactors resulted of several assays with the following factors: temperature, 
catalyst amount, molar ratio and reaction time. The condition with higher MAG content in the mixture of 
acylglycerols was chosen. So, the best conditions were: 200°C of temperature, 1% of Ca(OH)2 as catalyst 
(per reagent mass), GL/TAG molar ratio of 4 and 60 minutes of reaction time [6]. 
The samples studied were: refined sunflower oil (Helianthus annuus) and the mixture of acylglycerols 
(chemical glycerolysis product). Analyses are described below, and the acylglycerols content was 
measured only in the mixture. 
x Analysis of Acylglycerols: High Performance Size Exclusion Chromatography (HPSEC) was used for 
the acylglycerols, free fatty acids and GL analyses. An aliquot of each one (sunflower oil or mixture of 
acylglycerols) was diluted in tetrahydrofuran (TEDIA®, USA). The chromatographic system consisted 
of equipment Viscotek (model VE 2001), a Refractive Index detector, and an oven for columns 
maintained at 40ºC. The samples were injected using an automatic injector, with a 20μL sample loop. 
Two Phenogel columns, the first to molecules about 100-3000 Da (50 Å) and the second one to 
molecules about 500-6000 Da (100 Å) molecular weight, with dimensions of 300 x 7.8 mm and a 
particle size of 5μm, were connected in series. The mobile phase was tetrahydrofuran and runs of 
about 30 minutes, with a 0.8 mL/min flow rate [7, 8]. 
x Fatty Acids Composition: determined by methyl esters extraction [9]. The chromatographic system 
used was: capillary gas chromatography (CGC AGILENT 6850 SERIES GC SYSTEM), capillary 
column: DB-23 AGILENT (50% cyanopropyl - methylpolysiloxane, size 60m, inner diameter of 0.25 
ȝm, 0.25 ȝm film). The operating conditions were: flow column = 1.00 mL/min.; Linear velocity = 24 
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cm/sec; detector temperature: 280°C, injector temperature: 250°C oven temperature: 110°C - 5 
minutes, 110 - 215 °C (5°C/min), 215°C - 24 minutes; carrier gas: Helium; Volume injected: 1 PL and 
injection AOCS Official Method  Ce 1-62 [10]. 
x Determination of Mass per Unit Volume: by pycnometry, AOCS Official Method Cc 10c-95 [10]. 
x Calculated Iodine Value: calculated from the fatty acids composition, using AOCS Official Method 
Cd 1c-85 [10]. 
x Calculated Saponification Value: calculated from the fatty acids composition, using AOCS Official 
Method Cd 3a-94 [10]. 
x Free Fatty Acids: was used the AOCS Official Method Ca 5a-40 [10]. Usually, the free fatty acids 
content (%) is calculated as oleic acid (C18:1). 
x Peroxide Value: AOCS Official Method Cd 8b-90 [10]. 
x Moisture: by Karl Fischer method, AOCS Official Method Ca 2e-84 [10], with automatic titrator 
(model 841 Titrando, Metrohm). 
x Differential Scanning Calorimetry (DSC): determined using a differential scanning calorimeter, 
model 823E (Mettler Toledo). Ten milligrams of the samples were placed in aluminium crucibles. The 
samples were analyzed under a flow of nitrogen gas (50 mL/min). A dynamic scan was performed at a 
heating rate of 10°C/min over a temperature range of -100 to 600°C. 
3.Results and Discussion 
The acylglycerols mixture showed the following composition: TAG (6.9%), DAG (42.3%) and MAG 
(48.3%). Free fatty acids were not detected and GL corresponded to 2.5%. The content of MAG in the 
mixture was between 40 and 50% according to the references [5].  
The fatty acids compositions of sunflower oil and acylglycerols mixture are shown in the Fig. 1. The 
results indicate that unsaturated fatty acids are majority in sunflower oil, making this oil thermosensitive. 
However, the contents of the oleic (C18:1) and linoleic (C18:2) acids, before and after the glycerolysis, 
are approximate, indicating that chemical glycerolysis in the used conditions were satisfactory, i.e., the 
reaction conditions had not caused significant losses of unsaturated fatty acids. 
 
 
Fig. 1. Sunflower oil and mixture of acylglycerols fatty acids compositions 
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The results of physicochemical characterization of sunflower oil and glycerolysis product 
(characteristics of them) are shown in Table 1. According to CODEX standard [11], the results obtained 
to refined sunflower oil were used as reference in this research, and they are within the standard. 
Since there are no standards for MAG, to establish a comparison, the standard of refined oils was used 
[11], in which the analysis of mass per volume, iodine value, saponification value and moisture for 
sunflower oil and acylglycerols mixture has approximate values. 
For the free fatty acids and peroxide values were found higher values in the acylglycerols mixture 
compared to refined sunflower oil. The highest value for the mixture is within the reference (10 mEq 
O2/kg), indicating a low degree of oxidation of the samples. 
To follow the CODEX parameters, the free fatty acids values were converted to “Acid Value”, 
multiplying free fatty acid per 1.99. Thus, the results to sunflower oil and acylglycerols mixture were 
0.521 and 2.111 mg KOH/g sample, respectively.  
Despite the acid value of the mixture is above the oil (0.6 mg KOH/g), these values are below the 
reference value for the virgin sunflower oil (4.0 mg KOH/g). 
 
Table 1. Characteristics of sunflower oil and glycerolysis product 
Analysis Sunflower oil Mixture of acylglycerols 
Mass per Unit Volume (g/cm3) 0.8970 0.9449 
Calculated Iodine Value (g I2/100g) 122.8 120.5 
Calculated Saponification Value (mg KOH/g) 191.7 191.9 
Free Fatty Acid (%)  0.262 1.061 
Peroxide Value (mEq O2/kg) 0.669 1.530 
Moisture (%) 0.026 0.345 
 
 
 
Regarding the thermal analysis, Fig. 2 shows the DSC curve profile (thermogram). In this figure, it 
was observed the baseline and endothermic peaks (below the baseline). For sunflower oil, the 
thermogram shows 2 endothermic peaks: the first one around -25ºC, related to the melting process, and 
the second around 425ºC, associated to the vaporization process. For acylglycerols mixture, the 
thermogram shows also 2 endothermic peaks: the first one around -10ºC (melting) and the second around 
425ºC (vaporization). 
With the thermogram data, it is possible also to analyze thermal stability of the samples, using the 
values between the melting and vaporization peaks. The estimate values to sunflower oil and 
acylglycerols mixture were: temperatures between 10ºC to 350ºC and 40ºC to 350ºC, respectively. For 
both, the thermal stability may have reached such high values because the analysis occurred under an 
inert atmosphere (N2). 
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Fig. 2. DSC sunflower oil and acylglycerols profile 
 
 4. Conclusions 
The acylglycerols mixture from sunflower oil shows 48% of MAG, suitable for this type of reaction. 
The results of fatty acid composition were similar to the sunflower oil and to the product of chemical 
glycerolysis, noting that the major fatty acids (oleic and linoleic) were not degraded in the reaction. 
Following the accepted parameters of physicochemical and thermal properties for sunflower oil, the 
results obtained for acylglycerols mixture showed acceptable standards. So, the chemical glycerolysis is 
promising for natural MAG production and studies for further concentration should be considered, 
seeking an industrial application of this product. 
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